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Background & Incentive > Spoiler > Structure of the next ½



Coral 
Reefs

[1]

< 0.1% of the ocean floor, 

support 25% of marine life,

protect coastlines,

BUT…

are really beautiful!



Coral 
colonies of small animals (polyps)

that are building structures

of many different shapes

[2]



Threats 
[4]

[5]



?



Computer Vision

3D Scanning

Technological 
Advancements



[7]



Photogrammetry

3D Models



If you have sufficient 

Time & Expertise…



If you have sufficient 

Time & Expertise…
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Data-driven perspective
⌲ Systematic, quantitative
⌲ Spatial patterns/relationships?

Dynamic and adaptable
⌲ Rapidly growing data!

Integrative 
⌲ Fusion of data from multiple origins



10m

10m

⌲ Pipeline for automated modelling

⌲ Extract information from data sources

⌲ "Ecologically plausible" models

Ecologically plausible? ➢











Deeper foundational aspects

Visible structural aspects



3D Data



Images



Images



Deeper foundational aspects

Visible structural aspects



Research Question(s) > Their answers > Limitations > Q&A



⌲ What data sources are relevant? 

⌲ How to process and extract information?

⌲ How to turn that into modelling?

⌲ What can we achieve for 

   automated modelling? 

   / overall conclusion

Limitations + Future work

Q&A



⌲ 3D data

⌲ Segmented Images

⌲ CoralNet (images)

⌲ GBIF (observations)

⌲ Allen Coral Atlas (zones) 

⌲ Smithsonian Institution's 3D model collection

⌲ Coral Traits Database 

⌲ What data sources are relevant? 

⌲ How to process and extract information?

⌲ How to turn that into modelling?

⌲ What can we achieve for 

   automated modelling? 



Smithsonian
Institution



Coral Trait 
Database



CoralNet



GBIF
Global Biodiversity Information Facility

+ Quantity

+ Taxonomy

- Coordinate Errors

- Spatial Bias



GBIFs (coral) occurrences per year



GBIFs (coral) occurrences per year



Allen 
Coral Atlas

+ Coverage

+ Classification System

-  No indv. corals



⌲ 3D data

⌲ Segmented Images

⌲ CoralNet (images)

⌲ GBIF (observations)

⌲ Allen Coral Atlas (zones) 

⌲ Smithsonian Institution's 3D model collection

⌲ Coral Traits Database 

⌲ What data sources are relevant? 

⌲ How to process and extract information?

⌲ How to turn that into modelling?

⌲ What can we achieve for 

   automated modelling? 



⌲ 3D data

⌲ Segmented Images

⌲ CoralNet (images)

⌲ GBIF (observations)

⌲ Allen Coral Atlas (zones) 

⌲ Smithsonian Institution's 3D model collection

⌲ Coral Traits Database 

⌲ What data sources are relevant? 

⌲ How to process and extract information?

⌲ How to turn that into modelling?

⌲ What can we achieve for 

   automated modelling? 



8.167 images with "zebra" & "giraffe"

0 images with "zebra" & "polar bear"

9.893 zebra observations

21 polar bear observations

⌲ zebras & polar bears never co-occur

⌲ zebras occur (way) more often in Area A



12.000 km2 "savanna" ⌲ zebras? 

1.600 km2 "arctic" ⌲ polar bears? 



12.000 km2 "savanna" ⌲ zebras? 

1.600 km2 "arctic" ⌲ polar bears? 

9.893 zebra observations

21 polar bear observations

⌲ zebras occupy 20% of savanna

⌲ zebras occupy   0% of arctic



SmallMediumLarge



SmallMediumLarge

91 co-occurrences

21 species combinations

6 single occ. species comb.
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⌲ 3D data

⌲ Segmented Images

⌲ CoralNet (images)

⌲ GBIF

⌲ Allen Coral Atlas 

⌲ Smithsonian Institution's 3D model collection

⌲ Coral Traits Database 

⌲ What data sources are relevant? 

⌲ How to process and extract information?

⌲ How to turn that into modelling?

⌲ What can we achieve for 

   automated modelling? 



Madrepora cervicornis Lamarck, 1816

Acropora muricata var. cervicornis (Lamarck, 1816)

Madrepora attenuata Brook, 1893

Acropora attenuata (Brook, 1893)

Acropora cervicornis (Lamarck, 1816)

Synonyms

x

x

x

x



"Madrepora cervicornis Lamarck, 1816",  "Astraea (Fissicella) favulus Dana, 1846"

Synonyms

"Stylaster (Allopora) bocki Broch, 1936", "Porites sanctithomae Bernard, 1906", 

Acropora cervicornis (Lamarck, 1816)



3D Model Collection



Zone Analysis



Mode of larval 
development



⌲ 3D data

⌲ Segmented Images

⌲ CoralNet (images)

⌲ GBIF

⌲ Allen Coral Atlas 

⌲ Smithsonian Institution's 3D model collection

⌲ Coral Traits Database 

⌲ What data sources are relevant? 

⌲ How to process and extract information?

⌲ How to turn that into modelling?

⌲ What can we achieve for 

   automated modelling? 



Limitations of the Pipeline

⌲ "building-blocks": no structural variation 

⌲ "density": could not be extracted, manual parameter

⌲ Terrain generation relies on manual configuration of parameters

⌲ The models are 2D + 2.5D + 3D

⌲ What species … ?





Conclusions

⌲ Combined Allen Coral Atlas with GBIFs occurrence data

⌲ Analyzed directional patterns in Allen Coral Atlas' geomorphic zones

⌲ Revealed (severe) spatial bias in GBIFs data for corals

⌲ Failed experiments: CoralNet, Image + AI

⌲ Natural clustering algorithm

⌲ Solution for ensuring taxonomic compatibility 

⌲ Taxonomic assessments for GBIF, CoralNet, Coral Traits DB, SI

⌲ Laid foundation for modelling pipeline

& Future WorkContributions



Limitations of Research

⌲ Analysis done with 51 species 

⌲ Choice for Geomorphic zones

⌲ Terrain features 

⌲ Clustering behaviour?

"What can be achieved now?"

"How to lay a foundation?"



Q&A





8.167 images with "zebra" & "giraffe"

0 images with "zebra" & "polar bear"

9.893 zebra observations

21 polar bear observations

⌲ zebras & polar bears never co-occur

⌲ zebras occur (way) more often in Area A



8.167 images with "zebra" & "giraffe"

0 images with "zebra" & "polar bear"

9.893 zebra observations

21 polar bear observations

⌲ zebras & polar bears never co-occur

⌲ zebras occur (way) more often in Area A

















https://www.youtube.com/watch?v=kSLKv7TnjSg

https://www.youtube.com/watch?v=kSLKv7TnjSg


Transferability
Resolution (no fine details)
Texture-based
Few taxa

Automated 3D Classification



Transferability?
Few taxa

CoralVOS classification


